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The extreme variability and rapid evolution of Infectious bronchitis virus (IBV) has always represented the
key challenge for its control because of the limited cross-protection among different strains. Several
experimental trials have proven a broadening of the protection spectrum when animals are vaccinated
with multiple genotypes. Nevertheless, the conditions of vaccine administration in field are so different
that the generalization of experimental results is, at least, questionable. In the present study a large scale
epidemiological-phylodynamic approach was used to reconstruct the demographic history of the major
field genotype (i.e. the QX one) circulating in Italy and Spain. These two countries were selected because,
even if they share a comparable epidemiological scenario, the implemented vaccination protocols did not
vary in Spain while changed dramatically in Italy over the time period considered. One hundred and
ninety-five Italian and 98 Spanish non-recombinant sequences of the hyper-variable region of the S1
gene obtained between 2012 and 2016 were analyzed using a serial coalescent-based approach to recon-
struct viral population history over time. While the IBV QX population dynamics remained constant in
Spain, a much more complex pattern was evidenced in Italy; both in terms of viral population size and
clinical outbreak frequency. Remarkably, a strong association with changes in vaccination strategies
was recognized. This allowed demonstrating, by accomplishing all Hill’s criteria for causation, the
cause-effect relationship between the vaccine administration/withdrawal and the variation in viral pop-
ulation dynamics and, above all, IBV related outbreaks. Thus, a robust confirmation about the efficacy of
IBV vaccination in field conditions was provided. Additionally, the history herein reported testifies the
primary importance of rigorously planning not only the intervention strategies but also their monitoring
and evaluation.

� 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Infectious bronchitis virus (IBV) represents one of the most rele-
vant infectious diseases of poultry, causing severe economic losses
mainly associated to respiratory and reproductive syndromes,
decreased productive performances and increased mortality. Even
if biosecurity and good management practices are fundamental in
the disease containment, widespread vaccination is also essential
to control the disease. Like other coronaviruses and ssRNA+
viruses, IBV displays a high mutation and recombination rate
[1,2]. This has caused the crowding of a huge genetic and pheno-
typic heterogeneity and the emergence of plenty of IBV variants
whose cross-protection has been proven poor [3,4]. In Italy, IBV
is still the major threat for poultry farms and displays a high preva-
lence and variety of circulating genotypes. Although five genotypes
are currently detected (i.e. QX (72%), followed by 793B (16%), Mass
(8%), Q1 (3%) and D274 (1%)) [5], the QX genotype is by far the
most commonly associated to clinical outbreaks and, in all proba-
bility, the only relevant field genotype. Despite the development of
homologous vaccines was often impractical or impossible, the
immunization using multiple vaccines, based on different geno-
types, has been proven to be beneficial, broadening the protection
spectrum (i.e. ‘‘protectotype concept”) [6]. Consequently, vaccina-
tion schedules typically involve a combination of two genotypes,
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with acertain variability among countries and/or regions. In Italy,
broiler vaccination protocols conform to this theory: animals were
routinely immunized with a Mass-based spray vaccine at hatchery
and a 793B-based one in field via drinking water. Recently, a trend
toward administration of the two vaccines at 1 day of life has been
observed. However, the costs associated with the vaccination as
well as the risk of rolling-reactions, have persuaded many compa-
nies to suspend or modify vaccination protocols against IBV. In a
recent study, we demonstrated that such change had a noteworthy
impact on IBV genotypes circulation in Italy, leading to the sub-
stantial disappearance of the 793B genotype, suggesting that its
presence was due to the spreading of vaccine strains or vaccine-
related ones [5]. However, the effects of this strategy on field strain
epidemiology and clinical outbreak frequency has been never eval-
uated in detail. Despite experimental trials demonstrated that the
Mass vaccination is not protective against a QX challenge when
administered alone while it is effective in combination with a
793B vaccine strain [7], their generalization to field conditions is
often hazardous due to the extreme differences between the two
settings. On the other hand, the collection of the huge amount of
data necessary for rigorous large-scale field studies is often impos-
sible due to economical and practical constraints. The development
of a theoretical framework and mathematical models to recon-
struct evolutionary features and population history of rapidly
evolving viruses offers a great opportunity to reconcile and inves-
tigate viral epidemiology and evolution [8–11], an approach that
has been proven effective for the study of many human [12–16]
and animal [17–20] diseases.

In the present study, we set up a systematic analysis of the
effect that the stopping and re-introduction of IBV vaccination with
the 793B genotype had on the population dynamics of the QX
genotype in Italy and on the occurrence of episodes of overt
disease. For comparison, a similar analysis was performed based
on Spanish IBV sequence dataset, a country with a comparable
epidemiological scenario and major genotype (QX and 793B)
prevalence [21], where no changes in the vaccination strategies
(i.e. Mass plus 793B at one day of age) have been implemented.

2. Material and methods

2.1. Samples

Italian samples (i.e. tracheal or cloacal swabs or tissues) were
collected from 562 broilers farms located in Northern Italy,
between November 2012 and April 2016, in response to clinical
signs attributable to IBV. Ten swabs (tracheal or cloacal) were
collected from each flock, air dried, and merged in a pool. Similarly,
tissues (trachea or cecal tonsils) were collected from ten animals
per flock, pooled and refrigerated until delivery to laboratory. At
the time of sampling, age, clinical status and geographical location
of flocks were recorded. This time period can be divided in 5 phases
according to the different vaccination strategies implemented by
the companies providing samples to our laboratory:

(1) The first phase started in November 2012 until late spring
2013, when animals were vaccinated with a combination
of Mass (1 day of life) and 793B (14 days of life).

(2) During the second phase (early summer 2013-November
2013) field vaccination with the 793B genotype was
discontinued.

(3) During the third phase, between December 2013 and June
2014, a broad trial with a newly registered 793B vaccine
(in association with Mass) was performed.

(4) In the period July 2014-September 2015, the 793B vaccine
was withdrawn again.
(5) Finally, since November 2014 (fifth phase), all animals have
been vaccinated with Mass plus 793B or QX based vaccine,
typically administered at 1 day of age.

For the whole considered time period (phase 1–5) the Mass
based vaccine was provided to all animals at 1 day of life. These
managerial changes affected the vast majority, if not all, the poul-
try population.

Spanish samples were collected during the same time period
from farms located in different Spanish regions (data not shown).
Along this period the vaccination program in most of the broiler
farms did not change and consisted in a Mass plus a 793B based
vaccine administered at 1 day of age. Spanish samples were
collected from each flock according to the same protocol (i.e. pools
of ten samples of tracheal or cecal swabs or tissues) and delivered
to reference laboratories.

2.2. Samples processing and sequencing

A common processing approach was arranged by Italian and
Spanish laboratories participating to the present study: for all sam-
ples, pools from the same flock were vortexed in 1 mL of PBS while
tissues were mechanically homogenated in 5 mL of PBS/g tissue.
The solution was used for RNA extraction using NucleoSpin �

8/96 RNA (Macherey-Nagel, Düren, Germany). Diagnosis of IBV
infection was routinely performed using a real-time RT-PCR
commercial kit (Quantification of Avian Infectious Bronchitis
Virus-IBV-kit; Genesig, Southampton, UK). The hyper-variable
region of the S1 gene of all positive samples was amplified using
the primer XCE-1 and XCE-2 as described by Cavanagh et al. [22].
Sanger sequencing was performed on both strands using the same
primers. Chromatograms were evaluated with FinchTV (http://
www.geospiza.com) and consensus sequences were obtained
using CromasPro (CromasPro Version 1.5). The same procedure
was followed to obtain the Spanish sequences from samples
collected between 2011 and 2015.

2.3. Sequence dataset

All Italian and Spanish sequences of the hyper-variable region of
the S1 gene were aligned to the reference dataset proposed by
Valastro et al. [23] using the MAFFT method [24]. Recombination
analyses were performed with RDP4 (No Reference Selected)
adjusting the settings for each method according to the RDP [25]
manual recommendations. In particular RDP, GENECONV,
Chimaera and 3Seq were used in a primary scan while the full
set of available methods was used for the secondary scan. Only
recombination events detected by more than 2 methods with a
significance value lower than 10�5 (p-value <10�5) and Bonferroni
correction were accepted. After exclusion of recombinant
sequences, a phylogenetic tree was reconstructed for classification
purpose using PhyML [26]. The substitution model was selected
based on the Bayesian information criteria (BIC) calculated using
Jmodeltest2.1.2 [27]. Italian and Spanish QX strains were then
extracted and two independent datasets were constructed.

2.4. tMRCA, evolutionary rate and population dynamics

Population parameters were estimated independently for the
two datasets using the Bayesian serial-coalescent based method
implemented in BEAST 1.8.2 [28]. Substitution models were
selected as previously described while the best fit between strict
and relaxed clock models was chosen based on the Bayesian factor
(BF) scores, calculated by estimating of the marginal likelihood of
different models using both Path Sampling (PS) and Stepping Stone

http://www.geospiza.com
http://www.geospiza.com


Table 1
Logarithm of marginal likelihood estimation (logMLE) calculated using path sampling
(PS) and stepping-stone (SS) methods for different molecular clock models (upper
table) and demographic models (lower table).

Country Clock model PS SS

Italy Strict �1230,32 �1231,11
Lognormal �1207,79 �1205,78
Exponential �1221,44 �1221,76
Random �1227,27 �1228,19

Spain Strict �1712,84 �1714,11
Lognormal �1676,83 �1677,37
Exponential �1689,11 �1689,97
Random �1676,44 �1677,03

Country Demographic model PS SS

Italy Constant �1228,76 �1229,36
Exponential �1225,50 �1226,50
Logistic �1227,22 �1228,33
Expansion �1225,51 �1226,13
Skyline �1207,79 �1205,78
Skyride �1225,17 �1226,74
Skygrid �1225,17 �1226,74

Spain Constant �1677,57 �1677,38
Exponential �1683,56 �1682,68
Logistic �1682,22 �1683,41
Expansion �1688,64 �1688,39
Skyline �1676,83 �1677,37
Skyride �1681,82 �1680,82
Skygrid �1685,46 �1684,49
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(SS) methods as proposed by Baele et al. [29]. A logBF greater than
10 was considered a good support in favor of the most complex
model. The same approach was used for selecting among different
parametric (i.e. constant, exponential growth, expansion growth
and logistic growth) and non-parametric (i.e. Bayesian skyline,
Bayesian skyride and Bayesian skygrid) demographic models [30]
using the molecular clock model previously selected. Each dataset
was analyzed performing at least two independent runs of
200 million generations each. Population parameters and trees
were sampled every 20 thousand generations. Results of the two
runs were merged using LogCombiner and accepted only if
estimated sample size (ESS), after removal of a 10% burn-in, was
greater than 200 and the trace plot, displayed using Tracer 1.5,
demonstrated a good convergence and mixing. Parameter estima-
tions were summarized in terms of mean, median and 95% Highest
Posterior Density (95HPD).

2.5. Clinical outbreaks

In Italy, the number of IBV related clinical outbreaks was strictly
related to the number of available sequences, since all positive
samples were collected during clinical outbreaks and were
processed for sequencing and genotyping. To evaluate the relation-
ship between changes in viral population size and clinical episodes
a correlation analysis was carried out. Accounting for a possible lag
phase between QX population rise and its consequences, the IBV
QX relative genetic diversity (i.e. effective population size (Ne) �
generation time (s)) was correlated with the corresponding
monthly outbreak number shifted by 0 ± 8 months. Similarly, the
relationship between age of outbreak occurrence and QX relative
genetic diversity was evaluated using the same approach. All
statistical analyses were performed using R [31].
3. Results

3.1. Dataset and model parameters

A total of 195 Italian and 98 Spanish non-recombinant
sequences were obtained. For both alignments, the strict molecular
clock was proven to poorly fit the data compared to ‘‘relaxed”
models. Particularly, a log-normal uncorrelated relaxed molecular
clock was preferred for the Spanish dataset (BF > 10) while both
log-normal uncorrelated relaxed molecular clock and the random
local clock displayed comparable performances for the Italian one
(Table 1). Consequently, in absence of any strong evidence for pre-
ferring one against the other, a log-normal relaxed molecular clock
[32] was implemented for both analyses. When different demo-
graphic models were compared the non-parametric skyline model
[33] significantly outperformed other non-parametric and para-
metric ones (BF > 10). On the other hand, a parametric model
imposing a constant population size over time explained the Span-
ish data comparably well with respect to other, more complex,
scenarios and was also selected for further analysis (Table 1).

3.2. Viral population parameters

The analysis of QX genotype population dynamics over time
revealed remarkable differences between the two countries
(Fig. 1). Spanish relative genetic diversity remained constant
(see previous paragraph) from its most recent common ancestor
(MRCA) (i.e. October 2010; 95HPD March 2007– March 2011) to
the end of the sampling period. This evidence was also confirmed
performing the reconstruction of population history using a skyline
model (Fig. 1). Differently, the estimation of the dynamics of Italian
QX strains demonstrated a much more complex scenario. After the
MRCA of sample strains (i.e. December 2011; 95HPD September
2011-January 2012) the viral population rapidly rose until late
2012 when it became substantially stable. A transitory decrease
was observed between December 2013 and June 2014. Since
late spring 2014, a new sharp increase, peaking in February 2015
was observed. The following trend was featured by a continuous
viral population size reduction, initially steep and gradually more
smooth, which reached a value comparable with the initial one
by the end of the study.

3.3. Clinical outbreaks

A total of 527 episodes of overt clinical signs ascribable to Infec-
tious bronchitis were submitted to routinely differential diagnosis
through PCR based assays and for 356 samples the presence of IBV
was demonstrated. Four genotypes were detected during these
outbreaks with QX being by far the most relevant (Fig. 2). Briefly,
253 (71, 06%) QX, 65 (18, 25%) 793B, 32 (8, 98%) Mass and 5
(1, 40%) Q1 strains were identified in this study.

The number of QX-induced outbreaks appeared to be highly
correlated with the viral population size. More specifically, the
highest correlation was observed when the relative genetic diver-
sity was related with the number of outbreaks occurring 3 months
later. Namely, a correlation of 0,78 was observed with the total
number of outbreaks while different correlation coefficients were
reported for the 793B (0,39), Mass (0,61), Q1 (0,21) and QX
(0,78) induced outbreaks. No association was evident between
the geographic origin of the samples (which were substantially
uniformly distributed) and outbreak occurrence. Similarly, no rela-
tionship was evidenced between clinical signs (the vast majority
outbreaks were characterized by respiratory signs) and the specific
QX strain involved. On the other hand, a statistically significant
relationship (p-value = 0,045) was proven between animal age
and relative genetic diversity: a negative correlation (�0,32) was
observed when the relative genetic diversity was related with
the animal age during outbreaks occurring 3 months later. Accord-
ingly, the age of outbreak occurrence slightly fluctuated over time
(Fig. 3) evidencing a tendency toward a more precocious emer-
gence of clinical signs when vaccination was withdrawn.
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Fig. 1. Bayesian skyline plot of population dynamics estimated for Italian (top) and Spanish (bottom) IBV QX strains. Mean, median and upper and lower 95HPD values of
relative genetic diversity (i.e. Ne � s) are plotted over time. The time window considered ranges from the MRCA (mean value) to the most recent sample.
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4. Discussion

Infectious bronchitis represents the most relevant poultry infec-
tious disease in many developed countries, imposing huge man-
agerial and economical costs for its control. Particularly, QX
genotype is probably one of the most relevant genotype around
the world [34,3]. Indeed, local studies have confirmed this evi-
dence in Italy and Spain where it is by far the most widespread
IBV field genotype [21,35]. Experimental trials have evidenced that
the administration of a Mass-based (1 day of life) and 793B-based
(14 day of life) vaccine combination provides a good protection
against this challenge [7]. Nevertheless, the limited availability of
accurate field data and trials hampered the definition of the actual
efficacy of these vaccination strategies under field conditions. This,
combined with the occurrence of sporadic vaccine-reactions and
the absence of proper cost-benefit estimation, has sometimes
caused, like in Italy, a certain skepticism about vaccination and
its withdrawal, in particular of the 793B dose provided at farm
level.

Paradoxically, this situation generated the opportunity to
systematically prove, using a large scale epidemiological and phy-
lodynamic approach, the paramount importance of proper vaccina-
tion strategies. The use of coalescent based modeling approaches
was proven useful and accurate in many studies dealing with the
estimation and comprehension of epidemiological dynamics of
several human and animal diseases. Above all, these methods
allow to reconstruct the demographic history by jointly modeling
population parameters and genealogy shape [33]. Consequently,
the estimations do not directly depend on the sampling activity,
allowing the study of time periods for which no samples are avail-
able and to minimize the unavoidable bias due to sampling
intensity.

For a vaccination protocol to be considered effective, it is
expected to control both the infection spread and the appearance
of clinical outbreaks. At first, a comparison between countries with
similar epidemiological status but pursuing different vaccination
plans was performed based on the coalescent-based analysis of
the hyper-variable region of S1 gene. In Spain the same approach
based on a combination of Mass plus 793B vaccination was applied
over time. Accordingly, and differently from Italy, the IBV QX
population dynamics remained constant during the whole study
period, already suggesting that, despite not being able to eradicate
the pathogen, this strategy was effective in controlling it in field
conditions. Nevertheless, it should be also noted that comparison
between independent populations could be biased by unconsid-
ered confounding factors and the results should be compared with
caution.

On the other hand, the particular scenario occurred in Italy
allowed to test this hypothesis by comparing, at different time
points, the same viral population in different condition of vaccine
exposure (i.e. exposed, non-exposed). It seems clear that vaccina-
tion with Mass plus 793B genotypes was able to at least partially
control QX spread during the first epidemiological phase, confirm-
ing the experimental evidences. While the persistence of a viral
shedding was reported also under experimental conditions, the
report of a certain frequency of clinical outbreaks in vaccinated
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flocks clashes with the absence of clinical signs reported by
Terregino et al., (2008). Nevertheless, it is well known that vaccine
administration is often sub-optimal in field conditions and the
presence of several co-factors can easily explain the partial protec-
tion induced by these vaccination strategies. After vaccination via
drinking water with the 793B genotype was suspended in spring
2013, the epidemiological situation remained substantially stable
for almost a year. The transitory decrease in relative genetic diver-
sity, which occurred between December 2013 and June 2014
(Fig. 1), mirrors the implementation of a large-scale trial with a
newly registered 793B-based vaccine. Therefore, it can be specu-
lated that this new strategy provided a higher protection against
the circulating strains. Nevertheless, the companies decided to stop
the trial because the reduction in the number of outbreaks was
considered unsatisfactory. This decision was followed by a dra-
matic increase in viral population size, which preceded in about
2–3 months a peak in the number of clinical outbreaks (Fig. 2). This
evidence is quite expected since the sole Mass vaccine was already
reported to be ineffective against QX challenge [36]. The delay
between the change in viral population and clinical manifestation
is probably ascribable to the need of reaching an adequate infec-
tious pressure plus the disease incubation time, a hypothesis that
could also be adduced to explain the apparent limited practical
effect of the introduction of the new 793B vaccine. In fact, it is
possible to speculate that a relatively low viral burden can be
tolerated without evident clinical problems thus limiting the ben-
efits of a further reduction. Nevertheless, the economical impact of
sub-clinical infections, demonstrated for several livestock diseases
[37–39,3,35], was not accounted in the present study. The inverse
relationship between relative genetic diversity as well as vaccina-
tion period and the age of outbreaks occurrence (Fig. 3) further
supports this hypothesis. The higher and long lasting protection
induced by double vaccination protocols can have both increased
the individual resistance to infection and decreased the infectious
pressure (of which the relative genetic diversity can be considered
as a proxy) leading to a delayed disease outbreaks. More challeng-
ing is to explain the long latency observed between vaccination
withdrawal and epidemiological changes. Other concomitant and
unconsidered changes like co-infection, climate changes or other
managerial choices, etc. could have also played a role and will
deserve further investigation. The scenario herein described and
the relative lack of information stress once more the need for a
systematic and rigorous evaluation of the long term effects of
managerial policies, since extemporaneous and subjective judg-
ments can lead to a dramatic bias in disease epidemiology
comprehension.

When vaccination was reintroduced, the effects on both viral
circulation and clinical signs were immediate, restoring a situation
comparable with the initial one, strongly supporting the cause-
effect relationship between these two events. Among the factors
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Fig. 3. The age of outbreak occurrence associated to QX genotype is plotted over time as circles (randomly jittered to avoid graphical overlapping), whose radius is
proportional to the number of events. A smoothed tendency line with confidence intervals is reported to summarize the general trend. The different phases (i.e. vaccination
strategies) have been represented as solid (double vaccination) or dotted (Mass only vaccination) lines and numbered accordingly to the order reported in the manuscript.
The time window considered ranges from the most ancient to the most recent sample.
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that could have contributed to this impressive effectiveness, two
changes could have played a major role. Firstly, part (less than
20%) of the Italian poultry population started to be vaccinated with
QX-based vaccines, which can be reasonably assumed to provide
an optimal protection against the homologous strains [40].
Secondly, a strong trend toward the administration of both Mass
and 793B vaccine at 1 day of life emerged during the last year in
Italy. Traditionally, the induced protection is thought to be higher
when vaccines are administered two weeks apart compared with
their combination on the same day [3]. Consequently, the benefits
of the new strategy could be due to the higher standardization,
vaccine coverage and to the decrease of vaccine-reactions com-
pared with field vaccination via drinking water.

Even if what reported is extremely suggestive, to demonstrate a
causation instead of a mere association is probably one of the
major challenges of epidemiology, in particular when dealing with
observation studies based on convenience sampling. A set of crite-
ria for judging if the available information is enough to support a
conclusion of causality were proposed by Sir Austin Bradford Hill
[41] and are here briefly summarized: (I) Strength of Association.
The stronger the relationship between the independent variable
and the dependent variable, the less likely the relationship is due
to an extraneous variable. (II) Temporality. A cause has to precede
an effect in time. (III) Consistency. Multiple observations under
different circumstances and study settings increase the credibility
of a finding. (IV) Theoretical Plausibility. It is easier to accept an
association as causal when there is a theoretical basis for such a
conclusion. (V) Coherence. The association must be coherent with
other knowledge. (VI) Specificity in the causes. In the ideal situa-
tion, the effect has only one cause. (VII) Dose Response Relation-
ship. There should be a relationship between the risk factor
exposure and the disease. (VIII) Experimental Evidence. Related
researches based on experiments support a causal inference. (IX)
Analogy. A commonly accepted phenomenon in one area can be
applied to another area.

As we have reported in the previous paragraphs, all these crite-
ria have been met in the present work. Criteria I and II are clearly
accomplished by the Italian scenario where vaccine administration
changes were invariably followed by a decrease on IBV population.
Similarly, the reversibility of this effect was proven after vaccine
withdrawal which led to an increase in viral population size and
outbreak frequency in absence of other reasonable causes (point
VI). The vaccination trial performed between December 2013 and
June 2014, affecting only a limited portion of the poultry flocks,
caused a less marked decrease in viral population size compared
with the outstanding one experienced after November 2015, when
the whole poultry population was massively vaccinated. Conse-
quently, even if it is hard to be confidently proven in the present
study, a dose response relationship (point VII) can be at least
hypothesized.

Obtaining concordant results using a different study approach
(i.e. the comparison between two countries) is a good proof in
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favor of point III. Finally, the biological mechanism of action of
vaccination (point IV and V) is out of discussion and its efficacy
has already been proven for IBV in experimental settings (point
VIII) [40,42,43] and for other animal diseases using an approach
comparable with that of the current work (point IX) [17,20,44].
Thus, the accomplishment of all Hill’s criteria provides strong
background to demonstrate the causal nexus between selection
of field vaccination protocols and IBV epidemiology.

As a secondary result, this study provides further confirmation
to the ‘‘vaccine origin” hypothesis of the 793B strains circulating
in Italy. In a previous study, we demonstrated the disappearance
of this genotype after vaccination withdrawal in late spring 2013
[5]. During this follow-up study, the 793B genotype was only
detected sporadically (4 strains) during the non-vaccination period
and originated from broiler farms with nearby layers flocks (where
the administration of vaccines containing this genotype was not
discontinued). On the other hand, the detection of 793B strains
indistinguishable from the vaccine (at least in the genomic region
considered), became a common event after its reintroduction.

Globally, the present study provides an extensive evaluation of
vaccination efficacy against the IBV QX genotype in field conditions.
The comparison of two independent populations and of the same
population at different time points, while exposed and not to
changes in vaccination protocols, provided concordant and robust
evidences about the efficacy of vaccination in controlling IBV field
strain circulation and clinical outbreaks. The relevant lag phase
betweenmanagerial changes and practical consequences highlights
the relevance of other factors (biological, epidemiological, random,
etc.) in mediating or delaying the effect of our control strategies.

This study testifies the primary importance of rigorously
planning not only the intervention strategies but also their
monitoring and evaluation, shunning the temptation of overtrust-
ing in subjective and short term feelings.
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